INTRODUCTION {#sec1-1}
============

Periodontal disease and the systemic interlink, although well researched in the scientific community, is not niversally cognizant among clinicians. There is a dire need to bring the awareness about the inter-relationship as it has far-reaching effects on management aspects. Periodontitis as a manifestation of systemic diseases is one of the seven categories of periodontitis as defined by the American Academy of Periodontology (1999) classification system.\[[@ref1]\] The association of periodontitis between various systemic diseases is explained by decreased host resistance to infections or dysfunction in the connective tissue of the gums and/or increasing patient susceptibility to inflammation-induced destruction. A literature review (Google scholar and pubmed) of evidence-based associations between periodontal disease and various systemic disorders is presented.

PERIODONTAL DISEASE AND DIABETES {#sec1-2}
================================

There is abundant evidence that diabetes increases the risk of periodontal disease and likewise the latter has shown to increase insulin resistance thereby perturbing glycemic control.

In diabetes, impaired neutrophil function may undermine the eradication of bacteria in the periodontal pocket, leading to periodontal inflammation and destruction. The key factors behind such impairment such as monocyte upregulation and stimulation of NF-κB may be secondary to AGE (advanced glycation end products) and R (receptor)-AGE reciprocity.\[[@ref2]\] In a study, it was shown that the oxidative stress in periodontitis compounds the release of proinflammatory cytokines such as interleukin-1beta (IL-1β), and IL-6 and tumor necrosis factor-alpha (TNF-α).\[[@ref3]\] The degree of glycemic control has also shown to correlate with the severity of epriodonitis. Periodontitis-affected diabetes patients having HbA1c levels more than 8% demonstrate twice the normal levels of IL-1ß in gingival crevicular fluid.\[[@ref4]\]

Known to have a bidirectional relationship, periodontitis predisposes to increased levels of inflammatory markers such as matrix metalloproteinases (MMP), TNF-α, IL-1β, IL-6 and prostaglandin E~2~ in diabetes.\[[@ref5]\] The effect of adequate periodontal therapy on glycemic control was studied and it was concluded that the therapy correlated with definite improvement in mean HbA1c values (from 8% to 7.1%), in levels of TNF-α and fasting insulin.\[[@ref6]\] Likewise those with HbA1C levels greater than 9% sported severe periodontitis with higher probing pocket depths and more sites with loss of attachment than those with lesser HbA1c levels.\[[@ref7]\]

Insulin resistance is believed to be perpetuated by fibrinogen, C-reactive protein, and plasminogen activator inhibitor-1.\[[@ref8]\] Diabetics also manifest perturbed pH of saliva and its buffering capacity, levels, and activity of peroxidase, increased incidence of dry mouth, need for the prevention of caries and prosthetic corrections.\[[@ref9][@ref10]\]

PERIODONTAL DISEASE AND CARDIOVASCULAR DISEASE {#sec1-3}
==============================================

Periodontal disease is an established risk factor conferring about 24-35% increase in the risk of coronary heart disease (CHD).\[[@ref11]\]

Bacterial lipopolysaccharide, cytokines, and mechanical stress may ensue a cross-reactivity of antibodies to major antigens of periodontopathic bacteria, mainly bacterial heat shock protein (HSP-GroEL) on endothelial cells resulting in endothelial dysfunction and atherosclerosis. Risk factors such as high blood cholesterol are known to aggravate progression from early fatty streak lesions to severe and irreversible atherosclerosis. High anti-HSP60/65 antibody titres correlated with high morbidity and mortality due to atherosclerosis.\[[@ref12]\] Major periodontal pathogens like Aggregatibacter actinomycetemcomitans and Porphyromonas gingivalis have shown clear associations with future stroke,\[[@ref13]\] increased risk of myocardial infarction,\[[@ref14]\] and acute coronary syndrome.\[[@ref15]\] Periodontitis-induced elevation of serum pro-inflammatory cytokines, inflammatory biomarkers, and serum LDL/triglycerides may damage vascular endothelial cells, leading to recruitment of macrophages or foam cell formation and development of atheromatous plaques. Increasing evidence confirms that periodontitis facilitates atheroma formation.\[[@ref16]\]

In a study, periodontal disease severity correlated to the angiographic extent of coronary lesions. The mean periodontal pocket depth was greater in patients with CHD and correlated with high sensitivity C reactive protein (hs-CRP), serum amyloid A protein, and fibrinogen suggesting systemic inflammatory response.\[[@ref17]\] Common cardio-metabolic risk factors including body weight,\[[@ref18]\] dyslipidemia,\[[@ref19]\] and hypertension\[[@ref20]\] are associated with increased odds of prevalence of periodontitis.\[[@ref21]\] Periodontal disease is an important factor in determining recurrent cardiovascular events in myocardial infarction.\[[@ref22]\]

In the periodontitis and vascular events (PAVE) pilot study, consideration of any preventive or periodontal care compared to no treatment showed a significant reduction in the percentage of people with elevated hs-CRP (values \>3 mg/l).\[[@ref23]\] Intense periodontal therapy, including full-mouth subgingival debridement and locally delivered antibiotics is shown to significantly improve flow-mediated dilatation beyond 60 days which correlates to the degree of improvement in the periodontal parameters.\[[@ref24]\] Another study showed improved intima medial thickness 12 months after periodontal therapy.\[[@ref25]\]

PERIODONTAL DISEASE AND STROKE {#sec1-4}
==============================

The plethora of factors that interplay between periodontal disease and cardiovascular disease and diabetes may play a similarly important role in the causation of stroke. A study that analyzed dental radiographs dated prior to stroke showed that being in the upper tertile of percent of sites with bone loss ≥2 mm was associated with higher risk for ischemic stroke.\[[@ref26]\]

FDG (fluorodeoxyglucose)-PET measurements of metabolic activity within periodontal tissue showed a strong relationship between periodontal target to background ratio and histologically assessed inflammation with macrophage infiltration within excised carotid artery plaques.\[[@ref27]\] REGARDS (reasons for geographic and racial differences in stroke) study showed that periodontal disease resulting in tooth loss was associated with inflammatory markers and stroke.\[[@ref28]\] Advanced periodontitis or edentulousness apart from being an independent risk factor for greater National Institute of Health stroke scale (NIHSS) score on admission correlated with greater neurological deficit on admission and worse outcome at hospital discharge.\[[@ref29]\]

PERIODONTAL DISEASE AND KIDNEY DISEASE {#sec1-5}
======================================

Periodontal disease and edentulousness have shown association with chronic kidney disease (CKD). There is a bidirectional relationship between CKD and periodontal disease, mediated by hypertension and the duration of diabetes.\[[@ref30]\] Compared with mild or no periodontal disease, moderate-to-severe disease (2 or more teeth with at least 6 mm of inter-proximal attachment loss) was significantly associated with death from cardiovascular causes in a study on CKD patients on hemodialysis.\[[@ref31]\] Another large study showed that edentulousness and low serum titer to A. actinomycetemcomitans could be risk indicators for CKD.\[[@ref32]\]

Periodontitis is shown to be a risk factor for the development of overt nephropathy and end-stage renal disease (ESRD). In a study, macroalbuminuria was 2.0, 2.1, and 2.6 times greater and the incidence of ESRD was also 2.3, 3.5, and 4.9 times greater in individuals with moderate or severe periodontitis or in those who were edentulous, respectively, than those with none/mild periodontitis.\[[@ref33]\]

PERIODONTAL DISEASE AND PREGNANCY {#sec1-6}
=================================

Moderate/severe periodontal disease is associated with elevated C-Reactive protein (CRP) levels early in pregnancy.\[[@ref34]\] Periodontal disease has been associated with adverse pregnancy outcomes such as preeclampsia, low birth weight (LBW), preterm birth, miscarriages between 12 and 24 weeks of gestation, decreased average newborn birth weight or gestational age, and fetal growth restriction.\[[@ref35]--[@ref37]\] In a study, treatment with scaling and/or root planning during pregnancy significantly reduced preterm birth and resulted in borderline significant lowering of LBW infant incidence.\[[@ref38]\]

PERIODONTAL DISEASE AND LUNG DISEASE {#sec1-7}
====================================

The relationship between periodontitis and lung disease has been well studied. Cariogenic bacteria and periodontal pathogens in saliva or dental plaque are found to be risk factors for aspiration pneumonia in nursing home patients.\[[@ref39]\] Chronic obstructive pulmonary disease (COPD) patients are more likely to have fewer teeth and a higher plaque index than controls. Inappropriate tooth brushing method, lower regular supra-gingival scaling and poorer oral health knowledge are known to be significantly associated with COPD.\[[@ref40]\] A study showed that the prevalence of chronic marginal periodontitis (general marginal bone level ≥4 mm) is significantly higher in COPD patients compared to controls (44% vs. 7.3%). This association appears to be independent of risk factors for periodontitis such as age, pack years smoked, body mass index, use of corticosteroids, and bone mineral density.\[[@ref41]\] COPD patients also sport a significantly higher average loss of attachment (5.72 ± 0.8 mm vs. 3.92 ± 0.5 mm) and bleeding on probing (86 ± 12% vs. 71 ± 16 %) compared to controls.\[[@ref42]\]

PERIODONTAL DISEASE AND OTHER DISORDERS {#sec1-8}
=======================================

A study found that when compared to the lowest tertile of etiologic bacterial burden (subgingival periodontal bacteria), the highest had higher prevalent hypertension, systolic blood pressure (BP) 9 mmHg higher, and diastolic BP 5 mmHg higher.\[[@ref43]\] Association of periodontal disease with rheumatoid arthritis (RA) has been found and treatment of the former resulted in reduced severity of active RA.\[[@ref44]\] Ankylosing spondylitis is also known to significantly increase the risk of periodontal disease.\[[@ref45]\] Osteoporosis is noted to exhibit higher clinical attachment loss (AL) ≥6 mm and interproximal gingival recession (GR) ≥5 mm.\[[@ref46]\]

DISCUSSION {#sec1-9}
==========

Many systemic diseases are believed to be affected by periodontal disease and the association may be bidirectional in some. Management of these entities may need to target periodontal disease. Thorough patient education and improved motivation for following guidelines and follow-up and regular assessment by clinicians working as a team (physicians/specialists/dentists etc) will ensure improved health of various systems as a whole.

The inter-link between periodontitis and various diseases discussed above has not been unanimously and universally established in all the studies. An older study established no significant radiographic evidence of periodontitis in a study on diabetics with considerable dysglycemia of long duration.\[[@ref47]\] Likewise another study on diabetics with significant periodontal disease found no demonstrable improvement in glycemic control up on reception of nonsurgical periodontal therapy including root planning.\[[@ref48]\] A similar lack of improvement in glycemic control was found in another study done on diabetics who underwent periodontal therapy for 4 months.\[[@ref49]\]

A large prospective cohort study did not find convincing evidence of a causal association between periodontal disease and CHD risk.\[[@ref50]\] Pregnant subjects with periodontal disease were assessed for the risk of adverse pregnancy outcomes such as preterm birth, preeclampsia, fetal growth restriction, or perinatal death and no association was found with periodontal disease.\[[@ref51]\] A multicenter, randomized clinical trial on pregnant subjects with periodontal disease compared scaling and root planning to tooth polishing and found no association with the occurrence of spontaneous preterm birth at \<35 weeks of gestation.\[[@ref52]\]

A clear relationship between periodontitis and respiratory infectious diseases such as bacterial pneumonia and bronchitis has not been established.\[[@ref53]\] An epidemiologic study found no association between periodontal state or poor oral hygiene and acute respiratory disease in the community-dwelling population.\[[@ref54]\]

Most systemic conditions like diabetes, CHD, CKD, etc., may stem from multifactorial etiologies. Periodontal disease may act as a modifying factor in conjunction with the variety of factors influencing the outcome of systemic diseases. The degree and extent of periodontal disease may be different in the subsets of patients with these systemic diseases and may help explain the non-universality of such an inter-link.

CONCLUSION {#sec1-10}
==========

As depicted by a few studies that questioned the association, we need to keep in mind that those with adequately managed systemic diseases do not guarantee a healthy periodontium and vice versa. Treating periodontal infection may have promising practical advantages that translate into better management of systemic diseases. In specifically those diseases that demonstrate bidirectional association, adequately treated systemic diseases mirror improved oral hygiene and minimize periodontal disease morbidity. Universal management protocol and guidelines may necessitate further exploratory studies into this interlink but it is evident that in battling systemic disease and periodontal disease, taking into account the contribution of each to one another, shall bolster our approach in bettering the all-round health.
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